
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

38
5 

57
1

A
1

TEPZZ¥¥8557_A_T
(11) EP 3 385 571 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
10.10.2018 Bulletin 2018/41

(21) Application number: 16870856.8

(22) Date of filing: 05.12.2016

(51) Int Cl.:
F16H 21/02 (2006.01) B25J 17/00 (2006.01)

F16H 21/46 (2006.01)

(86) International application number: 
PCT/JP2016/086123

(87) International publication number: 
WO 2017/094922 (08.06.2017 Gazette 2017/23)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 03.12.2015 JP 2015236635

(71) Applicant: Kawasaki Jukogyo Kabushiki Kaisha
Kobe-shi, Hyogo 650-8670 (JP)

(72) Inventor: KAMON Masayuki
Akashi-shi
Hyogo 673-8666 (JP)

(74) Representative: Müller-Boré & Partner 
Patentanwälte PartG mbB
Friedenheimer Brücke 21
80639 München (DE)

(54) TWO-DEGREE-OF-FREEDOM DRIVE MECHANISM

(57) A power transmission unit of a drive mechanism
(1) has a link mechanism (10) on both sides of a base
portion (3). The link mechanism (10) has a first link mem-
ber (11) having a base end portion provided to the base
portion (3) so as to be rotated about a third rotational axis
(A3), a second link member (12) having a base end por-
tion connected to a distal end portion of the first link mem-
ber (11) so as to be rotated about a fourth rotational axis
(A4), and a third link member (13) which is provided to a
driven body (2) so as to be rotated about a fifth rotational
axis (A5) and to which a distal end portion of the second
link member (12) is provided so as to be rotated about a
sixth rotational axis (A6) orthogonal to the fifth rotational
axis (A5). A desired operation angle range of two degrees
of freedom in a driven body can be ensured with a com-
pact configuration while suppressing deflection of a struc-
ture to which the driven body is mounted.
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Description

Technical Field

[0001] The present invention relates to a drive mech-
anism for transmitting power to a driven body to drive the
same with operation of two degrees of freedom, and par-
ticularly to a drive mechanism applicable to a joint struc-
ture of a robot.

Background Art

[0002] Conventionally, in a robot having a joint struc-
ture, various drive mechanisms are adopted for operating
a joint portion in a desired angle range.
[0003] For example, in a humanoid robot, a drive
mechanism for operating a joint portion such as an ankle
joint is provided. Here, the joint portion of the humanoid
robot needs to realize both a tilt operation about a rota-
tional axis extending in the cross direction (roll operation)
and a tilt operation about a rotational axis extending in
the lateral direction (pitch operation).
[0004] Additionally, in order to realize bipedal walking
of the robot, it is needed to move the joint portion in a
relatively large angle range. To realize this, a planetary
gear speed increasing mechanism and the like have
been attempted to be applied thereto.

Summary of Invention

Objects to be Achieved by the Invention

[0005] However, when trying to ensure the large oper-
ation angle range in the joint portion at two degrees of
freedom, particularly a deflection in the pitch direction
increases and a large gear is needed to ensure a required
joint torque.
[0006] Note that, in not only the drive mechanism of
the humanoid robot but also other types of robot drive
mechanisms and a drive mechanism of other than the
robot, there are cases that the operation of two degrees
of freedom in the driven body needs to be realized in a
relatively large angular range.
[0007] The present invention is made considering the
above-mentioned problems of the conventional tech-
niques, and its object is to provide a drive mechanism
capable of ensuring a desired operation angle range of
two degrees of freedom in a driven body with a compact
configuration while suppressing deflection of a structure
to which the driven body is mounted.

Means for Achieving the Objects

[0008] In order to achieve the objects above, a first
aspect of the present invention is a drive mechanism for
transmitting power to a driven body to drive the driven
body with an operation of two degrees of freedom, com-
prising: a base portion having a center axis; a universal

joint for tiltably connecting the driven body to the base
portion; and a power transmission unit for transmitting
the power to the driven body, wherein the universal joint
has a first rotational axis orthogonal to the center axis
and a second rotational axis orthogonal to the first rota-
tional axis and tiltable about the first rotational axis,
wherein the driven body is provided to the universal joint
so as to be rotated about the second rotational axis,
wherein the power transmission unit has a pair of link
mechanisms arranged on both sides with respect to a
first imaginary plane including the center axis and the
first rotational axis, and wherein each of the pair of link
mechanisms has a first link member having a base end
portion provided to the base portion so as to be rotated
about a third rotational axis perpendicular to the first im-
aginary plane, a second link member having a base end
portion connected to a distal end portion of the first link
member so as to be rotated about a fourth rotational axis
parallel to the third rotational axis, and a third link member
which is provided to the driven body so as to be rotated
about a fifth rotational axis in a second imaginary plane
perpendicular to the second rotational axis and to which
a distal end portion of the second link member is provided
so as to be rotated about a sixth rotational axis orthogonal
to the fifth rotational axis.
[0009] A second aspect of the present invention is that,
in the first aspect, the distal end portion of the first link
member and the base end portion of the second link
member are connected by a spherical joint.
[0010] A third aspect of the present invention is that,
in the first or second aspect, the distal end portion of the
second link member and the third link member are con-
nected by a spherical joint.
[0011] A forth aspect of the present invention further
comprises, in any one of the first to third aspects, a power
generation unit for generating the power, the power gen-
eration unit has a pair of drive sources arranged on both
sides with respect to the first imaginary plane.
[0012] A fifth aspect of the present invention is that, in
the fourth aspect, the pair of drive sources has a pair of
cylinders, wherein a distal end of each rod of the pair of
cylinders is connected to the first link member.
[0013] A sixth aspect of the present invention is that,
in the fifth aspect, the pair of cylinders are provided to
the base portion so as to be rotated about a seventh
rotational axis perpendicular to the first imaginary plane.
[0014] A seventh aspect of the present invention is
that, in the fifth or sixth aspect, the cylinder is an electric
cylinder having a screw shaft and a nut screwed to the
screw shaft, wherein the power generation unit is config-
ured so that the screw shaft is rotationally driven thereby
driving the nut forward and backward to generate the
power.
[0015] An eighth aspect of the present invention is that,
in any one of the first to seventh aspects, a distance be-
tween the third rotational axis and the fourth rotational
axis is different from a distance between the second ro-
tational axis and the sixth rotational axis when it is parallel
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to the second rotational axis.

Advantageous Effect of the Invention

[0016] According to the present invention, there can
be provided a drive mechanism capable of ensuring a
desired operation angle range of two degrees of freedom
in a driven body with a compact configuration while sup-
pressing deflection of a structure to which the driven body
is mounted.

Brief Description of the Drawings

[0017]

FIG. 1 is a perspective view illustrating a drive mech-
anism according to one embodiment of the present
invention.
FIG. 2 is another perspective view illustrating the
drive mechanism in FIG.1.
FIG. 3 is another perspective view illustrating the
drive mechanism in FIG.1.
FIG. 4 is another perspective view illustrating the
drive mechanism in FIG.1.
FIG. 5 is another perspective view illustrating the
drive mechanism in FIG.1.
FIG. 6 is another perspective view illustrating the
drive mechanism in FIG.1.
FIG. 7 is another perspective view illustrating the
drive mechanism in FIG.1.
FIG. 8 is a perspective view illustrating a comparative
example of the drive mechanism.
FIG. 9 is another perspective view illustrating the
drive mechanism in FIG.8.

Embodiment of the Invention

[0018] Hereunder, a drive mechanism according to
one embodiment of the present invention will be de-
scribed referring to the drawings. Note that the drive
mechanism according to this embodiment is particularly
suitable for a drive mechanism in a joint portion (for ex-
ample, ankle joint) of a humanoid robot.
[0019] Note that the drive mechanism according to the
present invention is not limited to application to the joint
portion of the humanoid robot and can be broadly applied
to a drive mechanism in a driven body requiring operation
of at least two degrees of freedom.
[0020] The drive mechanism 1 according to this em-
bodiment illustrated in FIG. 1 is for realizing the operation
of two degrees of freedom in a driven body 2. The driven
body 2 is for example a component of an ankle joint of
the humanoid robot, and performs operation of at least
two degrees of freedom upon walking.
[0021] The drive mechanism 1 comprises an elongat-
ed frame member (base portion) 3 having a center axis
A0 in the longitudinal direction. A universal joint 4 is pro-
vided at a lower end portion of the frame member 3, and

a driven body 2 is tiltably connected to the frame member
3 by the universal joint 4.
[0022] The universal joint 4 has a first rotational axis
A1 orthogonal to the center axis A0 and a second rota-
tional axis A2 orthogonal to the first rotational axis A1
and tiltable about the first rotational axis A1.
[0023] The universal joint 4 comprises a first axis mem-
ber 5 extending along the first rotational axis A1 and a
second axis member 6 extending along the second ro-
tational axis A2. The first axis member 5 is supported by
a mounting member 7 provided in front of and behind the
lower end portion of the frame member 3. The second
axis member 6 is supported by a block piece 8 provided
at the center of the first axis member 5.
[0024] The driven body 2 has a pair of left and right
flange portions 9, and the flange portions 9 are supported
by the second axis member 6 of the universal joint 4 such
that the driven body 2 can be rotated about the second
rotational axis A2.
[0025] As mentioned above, by providing the driven
body 2 at the lower end of the frame member 3 via the
universal joint 4, the driven body 2 can perform a tilt op-
eration about the first rotational axis A1 (roll operation)
and the tilt operation about the second rotational axis A2
(pitch operation).
[0026] The drive mechanism 1 according to this em-
bodiment further comprises a pair of link mechanisms 10
as a power transmission unit for transmitting power to
the driven body 2. The pair of link mechanisms 10 are
arranged on both sides with respect to a first imaginary
plane including the center axis A0 and the first rotational
axis A1. Each of the pair of link mechanisms 10 has a
first link member 11, a second link member 12, and a
third link member 13.
[0027] The first link member 11 has a base end portion
provided to the left and right side surfaces of the frame
member 3 so as to rotate about a third rotational axis A3
perpendicular to the first imaginary plane.
[0028] A second link member 12 has a base end por-
tion connected to a distal end portion of the first link mem-
ber 11 so as to rotate about the fourth rotational axis A4
parallel to the third rotational axis A3.
[0029] A third link member 13 is provided to the flange
portion 9 of the driven body 2 so as to rotate about a fifth
rotational axis A5 in a second imaginary plane perpen-
dicular to the second rotational axis A2. A distal end por-
tion of the second link member 12 is connected to the
third link member 13 so as to rotate about a sixth rota-
tional axis A6 orthogonal to the fifth rotational axis A5.
[0030] The distal end portion of the first link member
11 and the base end portion of the second link member
12 are connected by a spherical joint. Further, the distal
end portion of the second link member 12 and the third
link member 13 are connected by a spherical joint.
[0031] A pair of electric cylinders (drive sources) 14 as
a power generation unit are provided to the both left and
right sides of the frame member 3 of the drive mechanism
1 symmetrically with respect to the first imaginary plane.
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The base end portion of the electric cylinder 14 is con-
nected to a block member 15 provided to the frame mem-
ber 13 so as to rotate about a seventh rotational axis A7
parallel to the second rotational axis A2.
[0032] A distal end of each rod 16 of the pair of electric
cylinders 14 is connected to the distal end portion of the
first link member 11 so as to rotate about the fourth ro-
tational axis A4.
[0033] Each of the pair of electric cylinders 14 is pro-
vided with a servo motor 17 which can be driven inde-
pendently from each other. The electric cylinder 14 has
a ball screw mechanism therein, and power of the servo
motor 17 is transmitted to the ball screw mechanism via
a belt 18.
[0034] In the drive mechanism 1 illustrated in FIG. 2 to
FIG. 7, the rod of the electric cylinder 14 is configured by
a plurality of elongated members, while the other struc-
ture is the same as the drive mechanism 1 illustrated in
FIG. 1. Note that, in FIG. 3, FIG. 5, and FIG. 6, part of
the cylinder body is cut out so that the internal structure
of the electric cylinder 14 can be seen.
[0035] As illustrated in FIG. 3, FIG. 5, and FIG. 6, in
the drive mechanism 1 according to this embodiment, a
screw shaft 19 of the electric cylinder 14 is rotationally
driven so that a nut 20 screwed to the screw shaft 19 is
driven forward and backward along the screw shaft 19.
Note that a base end portion of the rod 16 is connected
to the nut 20, and the rod 16 is driven forward and back-
ward integrally with the nut 20.
[0036] Thus, by the configuration that the screw shaft
19 is rotationally driven to drive the nut 20 forward and
backward, various merits as described below will be ob-
tained, comparing to the configuration that the nut is ro-
tationally driven to drive the screw shaft forward and
backward.
[0037] First, the mechanical efficiency is increased,
compared to the case that the nut is rotationally driven
to drive the screw shaft forward and backward. Secondly,
a structure to be driven can be formed more easily com-
pared to the case when the nut is rotationally driven to
drive the screw shaft forward and backward. Thirdly,
when the nut is rotationally driven, the screw shaft goes
in and out via the nut forward and backward, thus a dead
space is formed and the space factor is deteriorated.
[0038] As illustrated in FIG. 1 and FIG. 2 to FIG. 7, by
changing the extension/contraction amount of the rods
16 of the left and right electric cylinders 14 independently
from each other, the roll operation and pitch operation
can be performed in the driven body 2.
[0039] As described above, in the drive mechanism 1
according to this embodiment, power of the pair of electric
cylinders 14 mounted to the frame member 3 is transmit-
ted to the driven body 2 via the pair of link mechanisms
10 without using a planetary gear speed increasing
mechanism. Therefore, it is possible to secure a desired
operation angle range in the driven body 2 without caus-
ing a large deflection as in the case of using the planetary
gear speed increasing mechanism.

[0040] Additionally, in the drive mechanism 1, the dis-
tance between the third rotational axis A3 and the fourth
rotational axis A4 is set to be longer than the distance
between the second rotational axis A2 and the sixth ro-
tational axis A6 when it is parallel to the second rotational
axis A2. Thereby, it is possible to secure a speed increas-
ing ratio when driving the rod 16 of the electric cylinder
14 so as to be extended/contracted to cause the driven
body 2 to perform the tilt operation. As a result, the stroke
required in the electric cylinder 14 becomes shorter and
the electric cylinder 14 can be shortened.
[0041] FIG. 8 and FIG. 9 illustrate a drive mechanism
100 as a comparative example. In this example, the first
link member 11 and the second link member 12 are omit-
ted and the rod 16 of the electric cylinder 14 is directly
connected to the third link member 13. Note that, in FIG.
8 and FIG. 9, part of the cylinder body is cut out so that
the internal structure of the electric cylinder 14 can be
seen.
[0042] As seen from the FIG. 8 and FIG. 9, in this drive
mechanism 100 as a comparative example, when the
rod 16 of the electric cylinder 14 is extended/contracted
for performing the tilt operation (roll operation and pitch
operation) in the driven body 2, the entire electric cylinder
14 swings in the lateral direction accordingly.
[0043] Therefore, components of the robot cannot be
arranged in the range of the swing operation in the lateral
direction of the electric cylinder 14, and it is difficult to
arrange members for increasing strength of the robot and
cover members for covering the internal structure, for
example.
[0044] In contrast, in the drive mechanism 1 according
to this embodiment, even when the rod 16 of the electric
cylinder 14 is extended/contracted for performing the tilt
operation (roll operation and pitch operation) in the driven
body 2, the electric cylinder 14 does not swing in the
lateral direction and swings only in a direction parallel to
the first imaginary plane including the center axis A0 of
the frame member 3 and the first rotational axis A1, as
illustrated in FIG. 1 to FIG. 7.
[0045] Accordingly, the degree of freedom of arrange-
ment of members for increasing the strength of the robot
and cover members for covering the internal structure is
significantly improved. Additionally, the electric cylinder
14 can be shortened as described above, thereby en-
hancing the degree of freedom of arrangement of the
robot’s components.
[0046] Note that, ball bearings are provided at the both
ends of second link member 12 for expanding the tiltable
range of the driven body 2 in the above-described em-
bodiment, while the ball bearing may be provided at only
one end of the second link member 12.
[0047] Additionally, although the electric cylinder 14
driven by the servo motor 17 is used as a drive source
in the above-described embodiment, the drive source
(power generating unit) in the drive mechanism accord-
ing to the present invention is not limited to this and any
drive source may be employed as long as it can control
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the rotation angle of the first link member 11 about the
third rotational axis A3.

Description of Reference Numerals

[0048]

1 drive mechanism
2 driven body
3 frame member (base portion)
4 universal joint
5 first axis member
6 second axis member
7 mounting member
8 block piece
9 flange portion
10 link mechanism (power transmission unit)
11 first link member
12 second link member
13 third link member
14 electric cylinder
15 block member
16 rod of electric cylinder
17 servo motor
18 belt
19 screw shaft of electric cylinder
20 nut of electric cylinder
A0 center axis of base portion
A1 first rotational axis
A2 second rotational axis
A3 third rotational axis
A4 forth rotational axis
A5 fifth rotational axis
A6 sixth rotational axis
A7 seventh rotational axis

Claims

1. A drive mechanism for transmitting power to a driven
body so as to drive the driven body at an operation
of two degrees of freedom, comprising:

a base portion having a center axis;
a universal joint for tiltably connecting the driven
body to the base portion; and
a power transmission unit for transmitting the
power to the driven body,
wherein the universal joint has a first rotational
axis orthogonal to the center axis and a second
rotational axis orthogonal to the first rotational
axis and tiltable about the first rotational axis,
wherein the driven body is provided to the uni-
versal joint so as to be rotated about the second
rotational axis,
wherein the power transmission unit has a pair
of link mechanisms which are arranged on both
sides with respect to a first imaginary plane in-

cluding the center axis and the first rotational
axis, and
wherein each of the pair of link mechanisms has
a first link member having a base end portion
provided to the base portion so as to be rotated
about a third rotational axis perpendicular to the
first imaginary plane, a second link member hav-
ing a base end portion connected to a distal end
portion of the first link member so as to be rotated
about a fourth rotational axis parallel to the third
rotational axis, and a third link member which is
provided to the driven body so as to be rotated
about a fifth rotational axis in a second imaginary
plane perpendicular to the second rotational ax-
is and to which a distal end portion of the second
link member is provided so as to be rotated about
a sixth rotational axis orthogonal to the fifth ro-
tational axis.

2. The drive mechanism according to claim 1,
wherein the distal end portion of the first link member
and the base end portion of the second link member
are connected by a spherical joint.

3. The drive mechanism according to claim 1 or 2,
wherein the distal end portion of the second link
member and the third link member are connected by
a spherical joint.

4. The drive mechanism according to any one of claims
1 to 3, further comprising a power generation unit for
generating the power,
wherein the power generation unit has a pair of drive
sources which are arranged on both sides with re-
spect to the first imaginary plane.

5. The drive mechanism according to claim 4,
wherein the pair of drive sources has a pair of cylin-
ders, and
wherein a distal end of each rod of the pair of cylin-
ders is connected to the first link member.

6. The drive mechanism according to claim 5,
wherein the pair of cylinders are provided to the base
portion so as to be rotated about a seventh rotational
axis perpendicular to the first imaginary plane.

7. The drive mechanism according to claim 5 or 6,
wherein the cylinder is an electric cylinder having a
screw shaft and a nut screwed to the screw shaft, and
wherein the power generation unit is configured such
that the screw shaft is rotationally driven thereby driv-
ing the nut forward and backward to generate the
power.

8. The drive mechanism according to any one of claims
1 to 7,
wherein a distance between the third rotational axis

7 8 



EP 3 385 571 A1

6

5

10

15

20

25

30

35

40

45

50

55

and the fourth rotational axis is different from a dis-
tance between the second rotational axis and the
sixth rotational axis when the sixth rotational axis is
parallel to the second rotational axis.
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